( * ) lν) (l = e, µ) hint towards lepton flavor non universality. In this work we look for the simultaneous explanations of these measurements in standard model like vector bosons (VB), SU (2) L -singlet vector leptoquark (U 1 ), SU (2) L -triplet scalar leptoquark (S 3 ) and SU (2) L triplet vector leptoquark (U 3 ) models. We study these models assuming a coupling only to the third generation in the gauge basis. We first perform a global fit to all relevant data in the B sector. We find that the vector boson model violates the current upper bound on the branching ratio of τ → 3µ and hence is inconsistent with the present data. The remaining three models, U 1 , U 3 and S 3 , cannot simultaneously accommodate R K ( * ) and R D ( * ) within 1σ, they can only explain the R K ( * ) measurement. The central values of R K ( * ) in the central dilepton invariant masssquared q 2 range (1.0 ≤ q 2 ≤ 6.0 GeV 2 ), for these three models lies within 1 σ experimental range. We then perform fits with only b → sµ + µ − data and find that U 1 , S 3 and U 3 can 
I. INTRODUCTION
Apart from confirming some of the prevailing anomalies in the B-sector, the currently running LHC has provided several new measurements which hint towards physics beyond standard model (SM). Some of these measurements are indicating towards lepton universality violation. The most striking measurement hinting towards lepton flavor non universality is the R D ( * ) ≡ Γ(B → D ( * ) τν)/Γ(B → D ( * ) lν) (l = e, µ) [1] [2] [3] [4] [5] [6] [7] which disagrees with the SM at the level of ∼ 4.1 σ −0.074 (stat) ± 0.036 (syst) [9] . This measurement was performed in the low dilepton invariant mass-squared q 2 range (1.0 ≤ q 2 ≤ 6.0 GeV 2 ) and it deviates from the SM prediction, which is ≃ 1 [10, 11] , by 2.6 σ. Very recently, the LHCb collaboration has announced the measurement of R K * ≡ Γ(B 0 → K * 0 µ + µ − )/Γ(B 0 → K * 0 e + e − ) [12] : 
where the superscript denotes the dilepton invariant mass-squared q 2 range. These measurements differ from the SM prediction, which is ≃ 1 [10, 11] , by 2.2-2.4σ in the low-q 2 region and by 2.4-2.5σ
in the central-q 2 region. Apart from these, there are other measurements, all in the b → s µ + µ − sector, which show discrepancies with the SM. The measurement of some of the angular observables [13] [14] [15] , in particular P ′ 5 , disagrees with the SM predictions [16] at the level of 4σ in the (4.3-8.68) q 2 -bin. This disagreement is further supported by the recent measurements by ATLAS [17] and CMS [18] collaborations. Also, there is tension in the branching ratio of B s → φµ + µ − [19, 20] . Therefore b → s µ + µ − and b → c τν decays are very important in the context of hunting beyond SM physics.
In order to identify the Lorentz structure of new physics responsible for various anomalies in the b → s µ + µ − sector, in a model-independent way, there have been a plethora of works in recent times. After the announcement of R K * results by LHCb, several model independent and dependent analysis have been done, such as [21] . However, simultaneous explanation of anomalies in b → s µ + µ − and b → c τν sector in specific new physics models is bit tricky. This is because the b → c τν transition occurs at the tree level within the SM whereas b → s µ + µ − decay can only occur at the loop level. One needs a relatively large new physics contributions in order to explain the R D * anomaly. However such a large new physics contributions must also be consistent with the measurement of other observables which are in agreement with their SM predictions. Therefore there are only a limited set of new physics models which can simultaneously explain the R D ( * ) and b → s µ + µ − anomalies, see e.g. [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] .
In this work we consider four models: (1) SM like vector bosons (VB), (2) SU (2) L -singlet vector leptoquark (U 1 ), (3) SU (2) L -triplet scalar leptoquark (S 3 ) and (4) SU (2) L -triplet vector leptoquark models (U 3 ). Here we assume a coupling to only third generation in the gauge basis.
For each model, we first perform a global fit to all relevant experimental data, which includes various measurements in the b → s µ + µ − and b → c τν sectors. The aim is to see how well these models can simultaneously accommodate all anomalies in the B sector. This is done by looking at the goodness of the fit as well as the predictions of observables, which show discrepancy with the SM, at the best fit values of the couplings. We then do the fit with only b → s µ + µ − data. This on one hand would enable us to know how well these models can explain anomalies in this sector and on the other hand would shed light on the whether b → s µ + µ − data imply anomalies in b → c τν sector in the context of these models. Further, we perform fit only using clean observables with an intent to see up to what extent our conclusions of the global fits are dependent on hadronic uncertainties. We find that
• VB is inconsistent with the present data.
• U 1 , S 3 and U 3 models are unable to accommodate R D ( * ) and R K ( * ) simultaneously within 1σ, however models can accomodate the R K ( * ) within 1σ except the R K * measurement in the low q 2 -bin.
The paper is arranged as follows. After the introduction, we briefly discuss the methodology used for the global fit. In Sec. III, we discuss various new physics models. In Sec. IV, we present our fit results as well as provide predictions for various observables. Finally, in Sec. IV, we present our conclusions.
II. METHODOLOGY
In order to obtain constrains on new physics couplings, we perform global fits to following observables: s -B 0 s mixing. We do a χ 2 fit using CERN minimization code MINUIT [47] . The χ 2 function is defined as
The theoretical predictions, O th (C i ) are calculated using flavio [48] . O exp are the experimental measurements of the observables used in the fit. The total covariance matrix C is obtained by adding the individual theoretical and experimental covariance matrices. We follow the methodology for global fits as given in Refs. [49, 50] .
III. NEW PHYSICS MODELS
In this section, we briefly discuss the new physics models which we have considered in our analyses. We specifically work in the setup in which the new physics couples only to the third generation in the gauge basis through the following operator
This operator was used to explain the R K anomaly in Ref. [51] . Here Λ is the scale of new physics.
We write effective Lagrangian as [22] 
Here i, j, k and l are the generation indices and Q ′ and L ′ are the quark and lepton doublets in the gauge basis. The transformation from gauge basis to mass basis are given by
The primed spinors has all three generation of fermions and U , D, and L are 3×3 unitary matrices.
Here we assume the mixing only between second and third generation [25] . So that D and L are simply rotation matrices in 2-3 space, having angles θ bs and θ µτ associated with them. Now on transforming to the mass basis the new physics couplings can be written as,
where X and Y relevant for the process b → sl + l − are given by,
The effective Hamiltonian relevant for the b → sℓ
where new physics contributions to the Wilson coefficients are as
Here the couplings g 1 and g 2 depend upon the specific new physics models.
A. SM-like vector bosons (VB)
We consider a vector bosons having the transformation (1, 3, 0) under the gauge group
Y which is same as the SM vector boson.
The couplings of the vector bosons to the left-handed third-generation fermions in the gauge basis are given by
On integrating out this heavy vector boson and then using the Eq. (5), it is easy to see that
Further we assume that g 33 qV = g 33 lV = √ 0.5. By transforming from gauge basis to mass basis, it turns out that the vector bosons couple to other generations as well. The Z ′ contributes at tree level to b → sµ + µ − and b → sνν decays whereas the W ′ contributes to b → cτ −ν decay the at tree level. In this model the four quark operator is also generated at the tree level. In the mass basis this can be written as
This gives contribution to B s -B s mixing. The new physics contribution to the Wilson coefficient along with SM can be written as
Here
The QCD constant η Bs = 0.551 and
We consider an SU (2) L singlet vector leptoquark U 1 which transforms as (3, 1, 4/3). Its interaction with the third generation in the gauge basis is defined by [52] 
Similarly, on integrating out this heavy leptoquark and then using the Eq. (5), we find
Here from now on we assume g 33
For this model the interaction in the gauge basis is defined by [52] 
On integrating out this heavy leptoquark and then using the Eq. (5), we find
here from now on we assume g 33
Its interaction with the third generation in the gauge basis is defined by [52] 
IV. RESULTS AND DISCUSSIONS
In this section we present the results of our global fits for the SM like vector boson, U 1 , S 3
and U 3 leptoquark models. We assume 1 TeV mass for both the heavy vector boson as well as the leptoquark. We perform three kind of fits. In the first fit, which we call a Global fit, we include all relevent data. We then perform fits by removing the R D ( * ) data. Finally, we perform the fits including only the clean obervables: the ratio's R K ( * ) , R D ( * ) and B(B s → µ + µ − ). In addition to these, various model specific clean constraints are included: for VB model ∆M s is used as a constraint whereas for U 3 and S 3 models, constraints from B → (K, K * )νν are included in the fit.
A. SM-like vector bosons(VB)
The fit results for the VB model are presented in Table I , II and III. From these tables we observe the following:
• In the global fit, VB model evades the current upper bound on the B(τ → 3µ).
• This holds even on removing the b → cτν data from the fit.
Thus we can conclude that the VB is inconsistent with the present data. 
The fit results for the U 1 model are presented in Table IV -VI. From these tables we note following:
• At the best point the central values of R K ( * ) in the central q 2 region lies within 1 σ of the experimental range whereas the value of R K * in q 2 range (0.045, 1.1) does not come within fit of U 1 model reveals that though it can explain R K ( * ) data within 1σ and can reduce the tension in the R D ( * ) but it cannot accommodate these measurements within 1σ.
• The angular observable P ′ 5 can be accommodated within 2 σ.
• On removing R D ( * ) from the fit, we find that the tension in the same get worse even as compared to the SM.
• We get the similar results as in the global fits when we perform a fit only with the clean observables. • S 3 model is able to explain R K ( * ) within 1σ, and reduces the tension in the R D ( * ) . The central value of R K * for q 2 range (0.045, 1.1) is not within 1 σ of experimental range.
• The angluar observable P ′ 5 can be accommodated within ∼ 2σ.
• The tension in R D ( * ) becomes worse on removing b → cτν data from the fit.
• With only b → sµ + µ − data, we find that a two fold enhancement in the branching ratio of B → (K, K * )νν is allowed.
• In the fit with only clean observables, the results of the global fit are almost unchanged. The fit results for the U 3 model are presented in Tables X-XII. We observe that:
• The results of global fit of reveals that it can explain R K ( * ) and at the same time it can reduce the tension in the R D ( * ) . The central value of R D * lies within 2.3 σ experimental range.
• In this case also the P ′ 5 can be accommodated within 2 σ.
• On removing R D ( * ) from the fit we find that the tension in the same gets worse as compared to the global fit results.
• If we do a fit only with the clean observables the conclusions of the global fit remains almost the same.
Very recently LHCb reported the first measurement of the ratio R J/ψ = Γ(B + c → J/ψ τ + ν τ )/(B + c → J/ψ µ + ν µ ) [53] . The SM prediction of R J/ψ is [0.25, 0.28] [54] [55] [56] . Hence the measured value of R J/ψ is 2 sigma higher than the SM, again an indication of lepton flavor universality violation in b → cτν sector. Using the values of the new physics couplings, we find that the R J/ψ central value, for all models under consideration, varies between 0.27 to 0.30 which is almost the same as its SM prediction. We also find that the predictions for τ polarization, P τ , and D * longitudinal polarization, < f L >, in B → D * τν are close to their SM values. This is so because the new physics Lorentz structure for these models are the same as the SM operator and hence any large deviations from their SM predictions is not possible [57, 58] .
V. CONCLUSIONS
The recent measurement of R K * by the LHCb collaboration has reinforced the earlier hints of lepton universality violation observed in R D ( * ) and R K . In this work we look for simultaneous explanations of these measurements in VB, U 1 , S 3 and U 3 models. Here we assume a coupling only to the third generation in the gauge basis. We first performing a global fit to all relevant data in the B sector to see how well these models accommodate all data in the B sector. We find that
• The vector boson model violates the upper bound on the branching ratio of τ → 3µ and hence is inconsistent with the present data.
• The remaining three models cannot simultaneously accommodate R D ( * ) and R K ( * ) measurements within 1σ.
• At the best fit values of the new physics couplings, the central value of R D ( * ) is within 2.3 σ experimental range for U 3 model whereas for U 1 and S 3 models, it is within 2.7 σ.
• The central values of R K ( * ) in the low dilepton invariant mass-squared q 2 range (1.0 ≤ q 2 ≤ 6.0 GeV 2 ), for these three models, lie within 1 σ experimental range whereas this is not the case for the low-q 2 bin of R K * .
For the fits with only b → sµ + µ − data. We find,
• U 1 , S 3 and U 3 can all accommodate R K ( * ) data within 1 σ except R K * in the q 2 range (0.045,
1.1).
• The χ 2 for R D ( * ) for all these models become worse, at the best point, which could be an indication that within this framework, b → sµ + µ − data do not confront R D ( * ) excess.
• A two fold enhancement in the branching ratio of B → (K, K * )νν is allowed in S 3 model.
Further, we perform the fits using only the clean observables. This is done to see up to that extent our results are dependent on theoretical uncertainties. The results are found to be almost unchanged.
